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Synthesis and thermogravimetric analyses of trisimides and polyimides
derived from hexaazatriphenylene

K. Kanakarajan and Anthony W. Czarnik*
Deoartment of Chemistry. The Ohio State University. Columbus. Ohio 43210. USA
Received 14 October 1988. revised 22 November 1988)

The reaction of p~romeilitic dianhvdride with aminoiphenyl ether may be augmented by addition of
hexaizatriphefl~lene trianh ,dride U). a hydrogen-free. trifunctional copolymer, Even when the amount of I
added asa .1 rosslin king .went reaches 50 mol ,, of the total anhydride content, Films can be cast and postcured
thermaik' to pro% ide polvimide films. As such. these results appear to run contrary la the prevailing wisdom.
e that more than d few per cent crosslinking will result in unprocessable 'brick dusts'. Thermogravimretric

anl'%esof the! : no'.eI crosslinked films reveal good ihermal stabilities, although stability doescdecrease with

ncrea ,inv mole fractions ofI

(Kevvword%: polviide. high temperature. cross~inked. hexaarsatriphelylese; therno.-oxidaive; film)

Iotiit fimf aminophenyl ether polyimide influenced its thermal

The Aell-known reaction of aromatic dianhydrides stability, we have prepared polyimides containing

with diamines yields polyamic acids, which are varying amounts of added trianhydride I (ref. 5): See
processahle and can be postcured thermally to yield Scheme.
polkimides. Many polvimides afford excellent thermal
,tabilities, for example. one widely-used commercial
polvimide. Dupontfs Kapton. is stable to 500-C Experimental
isothermal) in N, Our research group recently Mass spectra were obtained by use of a Kratos-30 mass

discovered a simple svnthe, . he-.iazatriphenylene spectrometer. FTn.m.r. spectra at 11.75 tesla (500 MHz)
trianhydride (HAT-trianiv.. r .: 1)1 from commercially or 7.0 tesla (300 Ml-z) were obtained using equipment
aLailahle startinu matenia. '.-.iause compound I is funded in part by NIH Grant No. I S10 RR01458-t0lAI.
ciompletek hvdroven-iree. .ve tcit '1 might prove useful as Thermogravimetric analyses (t.g.a.s) were performed on a
.i ;riossnkinu reavent in, thL. .' stable polyimide Dupont Model 9900 Thermal Gravimetric Analyser in
snthes:s This idea is pre-icait_. -ithe work of Hirsch' either air or argon. The t.g.a. results depicted in Figures I
and of Vaughan', who ,it-monst rated high thermo- and 2 show continuous curves obtained by graphical
oxidativ.e stability in polvimides completely devoid of smoothing of the rough data.
hydrogen. Therefore, in order to detemine how HAT- H AT-trian hyd ride (1) was prepared from the
induced crosslanking of the pyromellitic dianhydrade- corresponding hexanitrile as described previously'.

Monomeric triimides (4a-4c) were prepared by
' To vhom cotrespondeflce L.,,uld he addressed reaction of compound I with an excess of the appropriate

0263 M476 M9 0601t71 :13513 4A)
t. 1989 Buterworh&C.iPbihr t



Analyses of toslmides and polyimides. K. Kanakarajan and A. W. Czarnik
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desired amine (2a-2c) followed by chemical imidization The 3C n.m.r. spectra of these trisimides reveal a high
as we have described more fully elsewhere'. In the course degree of symmetry as expected for compounds with D 3,
of our synthetic efforts, we found that the use of symmetry. For example, the 3 C n.m.r. spectrum of 4a
trilluoroacetic anhvdride in place of acetic anhydride demonstrates only three lines for aromatic and or
often leads to cleaner imidization products. The synthesis carbonyl carbons and six lines for aliphatic carbons (9
of the tri-N-phenvltrisimide (4b) exemplifies the general lines total) even though the compound itself contains 36
method used. carbons. T.g.a.s of these trisimides are shown in Fiqure 1.

S1 nthesis o".f tri N-phenvl)-l,4.5.8,9,12-hexaazatri- Although the crystalline hexyl derivative 4a is obtained in
? i lepie-2.3.6.5lO,.1 1-hexacarboxvlic acid trisimide 4b. purer form than are the two noncrystalline trisimides
Trianh'.dnde I. prepared as described above from the examined, it seems apparent that both phenyl- (4b) and

(exaacid 500 mg. I mmol). was dissolved in dry pentafluorophenyl (4c) monomeric trisimides are
dimeth~lacetamide (15ml and treated with freshly themselves quite stable materials. The thermal
ditilled aniline (1.5 g). The mixture was heated on a decomposition temperature of 4a is fully 100-C lower
,team bath for 15 min, cooled, poured onto ice (35 g), and than that of 4b. consistent with the expected thermal
acidified with concentrated HCI (15 ml). The resulting instability of the alkyl groups in 4a. Contrary to
solid was filtered, washed with water, and dried in ,acuo expectation. the perfluoro substitution in 4c decreased
at room temperature to give triamic acid 3b (550mg. rather than increased the thermal stability of that model
"-t,oi. m.p. 198-203 C. The crude triamic acid (550mg, trisimide.
1) -6 mmolb was mixed with trifluoracetic anhydride Having demonstrated the relative stability of the HAT
( ml and tnfluoroacetic acid (0.3 ml) and heated in a crosslinking units, we prepared a series of modified
ealed tube on a steam bath for 48 h. The reaction was Kapton polymers in order to evaluate the effect of HAT-

eaporated to dryness and the residue was recrystallized, induced crosslinking on polymer decomposition
precipitated from ethyl acetate toluene to afford trisimiCe temperatures. The high reactivity of the anhydride groups
4b 1505mg. 75",,). m.p.>290-C; u.v. (DMSO): 282, in I (ref. 4) as compared to those in pyromellitic
320 !nm: ' 3C...m.r. iDMSO-d,): 127.1, 128.9, 129.2, 131.2 dianhydride (PMDA) guarantees that all three sites in I
phenyl carbonsi. 144.6 (internal aromatic carbons), will react with 2d, thereby inducing crosslinks into the
148.6 (penpheral aromatic carbons), 163.0 (carbonyl matrix. Polyamic acids were made between PMDA and

carbons) ppm: fast atom bombardment mass spectrum: 2d in which from 0-50 mol ,, of the anhydride equivalents
m e 672 (M -3).

Polymerization reactions leading to polyamic acids 100
were conducted in DMAc and were carried out in the
usual way After gelling for 1 h, the solution was spread
over a glass plate and heated at 60 C for 10 h to provide
the polyamic acid film. imidization of the po!yamic acid
could be accomphsied by heating in an oven at
4 C min to 350 C, followed by continued heating at
350 C for an additional 45 mi. However, in order to
establhsh imidization temperatures, t.g.a, analyses were
conducted on powder samples of the polyamic acids.
Such powder samples were obtained by adding the gelled
DMAc solution dropwise to a large excess of diethyl
ether, followed by collection of the resulting solid by
filtration and air drying. o _,_"__._.__

ZS'q 525"C '025,C

Re.,ult' and di.scu.ssiu Te,,'Dff,... 'cI
We were able to prepare tnsimides 4a--.4c in good yield Figure I T g.a. of trisirmides 4a- -- ), 4b ) and 4c (. in

as models for polyimides derived from trianhydride I. argon (upper three traces) and in air ilower three traces)
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Analyses of trisimides and polyimides: K. Kanakarajan and A. W Czarnik

changed progressively from yellow (0'o) to orange (10 'o)
to red orange (20%0) to red (100 °0) as the mol '. of HAT-
trianhvdride increased. This colour change is consistent

- with the charge-transfer (CT) explanation for the yellow
Z%- colour of Kapton, given our experience that HAT

: c - ,,,.derivatives are strongly electron-deficient compounds

capable of forming CT complexes with a variety of
electron-rich aromatic molecules.

Conclusion

We have observed that film casting of even highly
_-_ crosz!inked solutions of HAT-modified polyimides is

2SO Cc ,- 0 600 00 00 900 0oo possible, a finding that is contrary to the prevailing
,,.6,,,,o ,*.C) notion of the effect of extensive crosslinking on polymer

Figure 2 Tga of Kapton polamicacids incorporating trianhydride I processability. While the trend in stability is not what we
(o 0 mol, I -- ). to mo -". ----- ) and 5O mof i ..... ) in argon had anticipated, it was nonetheless encouraging that even
iupper three tricesi and in air doer three traces) the most highly enriched film exhibited good thermal

stability; we anticipate that small incorporations of I will
affect stability less. As a result, we are examining the

were replaced by HAT-trianhydride (i). and powdered synthesis of monosubstituted derivatives of I that can be
incorporated into polyimides, deprotected and finally

samples were obtained by precipitation of the DMAc activated to provide sites on the polymer that can be
solution with ether. T.g.a. analyses were determined on the functionalized prior to thermal curing.
polyamic acids in order to measure the thermal
imidization temperatures of the modified polymers. These Acknowledgement
t.g.a. results are shown in Figure 2. from which two We thank Dr Stanley Wentworth for both helpful
conclusions can be drawn: first, the temperature range for advice during the course of this work and assistance in
thermal imidization cal. 150-225 C) is unchanged by obtaining t.g.a.s on our samples. We thank Mr Richard
ddition of HAT-t nan hd ride: and second the thermal Weisenberger and Dr C. E. Cottrell for their assistance in

stabilit% of 50", HAT-modified Kapton polyimides is less obtaining mass and high-field 1
3C n.m.r. spectra.

than that of unmodifieId Kapton. while that of 10",- respectively, at The Ohio State University Chemical
modified is only slightly less than that of Kapton. Instrumentation Center and Mr Carl Engelman for other

The most striking observation made during the course n.m.r. assistance. This work was funded by the Army
of this work concerns the ability of HAT-crosslinked Research Office and the US Army Materials Technology
polyimides to form films. We had expected that the Laboratory.
addition of only a few per cent of the crosslinking reagent
would lead to insoluble powders incapable of being cast References
into films. Instead. polyamic acid films could be made I Kanakarajan. K. and Czarnik. A. W. J. Orq. Chem. 1986. 51. 5241
with 0. 5. 10. 15.20 and 50 mol ",, I each could further be 2 Hirsch. S. S. J. Polym. Sci.. Polym. Chem. Edn. 1969. 7. 15
thermally imidized to provide polyimide films. The 3 Vaughan. G. B.. Rose. J. C. and Brown. G. P. J. Polvm. Li...,.

pol amic acid obtained between aminophenyl ether and I A-1 1971. 9. 1117

with no added PIDA remained in solution, but the 4 Kanakarajan. K. and Czarnik. A. W.J. Heterocvcl. Chew 1988.25.
1869

resulting film could not be peeled off the glass plate 5 Kanakarajan. K. and Czarnik. A. W. Soc. .4dr..later. Process Enq,.
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Application of extrapoldtion procedures to viscosity data below the
theta temperature
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Diagnostic Instrumentauion and Analysis Laboratory, Mississippi State University. Mississippi State.
Mississippi 39762. USA

N. Hadjichristidis
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Intrinsic iscosities are reported for polv(2-methylstyrene) in cyclohexane from very near the 0 temperature
i36.2 C) to about 16 C below 0. Six near-monodisperse samples covering the range
5.9 x 10" g mol-' r .- , < 1.14 x 101 g mol- I were used for this purpose. Over the investigated range of
temperature the Mark-Houwink-Sakurada exponent decreased from 0.498 to 0.386. No signs of aggregation
were observed. Various extrapolation procedures. originally advanced for the determination of unperturbed
dimensions from ', iscosity data in moderate and good solvents, were applied to the data. Results indicate that
,alues of K. can be accurately determined from viscosity data below 8.

(Ke. words: poIy(-methilstyrene) in cyclohexane; intrinsic viscosity; extrapolation; sub-theta temperature)

Introduction The perturbation theory of Yamakawa and Tanaka'
A number of extrapolation procedures have been resulted in a modified B-S-F expression

advanced' - for estimating unperturbed dimensions of
flexible polymers from intrinsic viscosity measurements in [i]/M,/ 2 = Ki, 2 +0.350oBMi 2 (4)
moderate and good solvents, i.e. above the Flory 0
temperature. In particular, the Burchard-Stockmayer- while Berry", empirically suggested
Fixman fB-S-F) method ' 2 has yielded reliable estimates
of unperturbed dimensions for a wide variety of chains, [,l]l=2/M/ 4 = K,' 2 +0.42K,'2 4ioBM/['] (5)
especially when the exponent of the Mark-Houwink-
Sakurada (M-H-S) expression: Equations (2), (3) and (4) have been'reviewed for viscosity

results in good solvents5 .
[ri] = KW (I) In addition to the above equations Tanaka6, using a

Pade approximation, has proposed:
i less than 0.7 and molecular weights are above a few
thousand and less than about l x 10' g mol -' (reference ([=]M' 

2 )5 '3 =K ,3 +0.667 00(<Ro M)BM' 2 (6)
j. The B-S-F relationship is given as: This expression was shown by Stickler et al." ° to lead to

[]-K,M' 2 +0.51 oBM (2) linear plots using data obtained above the 0 point.
An alternate approach for the determination of K, was

where [,I] is the limiting viscosity number, K, = [,]", M4 '2 given by Kamide and Moore7 . This method uses values of
and the subscript 0 denotes the state where the second K and a from equation (I) according to
.irial coefficient, .42, equals zero. The parameter (P, is a
uni%.ersal constant for flexible linear near-monodisperse -In K + ln;2[(a - 1/2 )- ' -2] -1i + 1
chains under 0 conditions and B is related to the binary =a-1.2lnM,-lnK, (7)
cluster integral. /1. Equation (2) suggests that a plot of
[,q] NI 2 against Mt i 2 will yield K, as the intercept with B where M o is the appropriate molecular weight average.
obtained from the slope. i.e. M, or M., employed in evaluation of the M-H-S

Other expressions have been derived based on relation.
relationships for the dependence of the expansion factors In this work, we assessed the validity of the above
for .iscosity. 7'= [?I] [fl,,, and radius of gyration approaches for estimating unperturbed dimensions from

1 1 2 21, 2 (or the r.m.s. end-to-end distance viscosity data obtained under very poor solvent
R= (n the quantity Z of two-parameter theory. Early conditions (from T = 0= 36.2-20 C). A series of near-

,ork h Kurata and Stockmayer 3 yielded monodisperse poly(o-methylstyrenes) (P7MS) were
employed for this purpose. PzMS is particularly well-

] ' "= K, 3 =0.36340oBq/(;)M 2 ' 3 ['i]' 3 (3) suited to a study of this type since it has been noted' 1
' -"

that even high molecular weight samples
where (MW =I x 10' g mol - ' ) remain in solution well below

q,) = x, (3: 4- I)3, the 0 temperature and the temperature coefficient of chain
dimensions is known to be nearly zero". In all cases we

To whom correspondence ,hould he addressed concentrate on the parameter K,. Although values of B
0263 6476 89,060174- 3503S(EW
1 19M9 Butterworth & (Io I Pubhishersi Lid
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Synthesis and Some Reactions of Hexaazatriphenylenehexacarbonitrile, a
Hydrogen-Free Polyfunctional Heterocycle with Dsh Symmetry

K. Kanakarajan ad Anthony W. Czarnik
Department of Chemistry, T he Ohio State University. Columbus, Ohio 43210

Received June 16, 1986

In this paper, we report for the first time the synthesis of hexaaztriphenylene aabonitrile, abbreviated
HAT-hexacarbonitrile. This hydrogenlesa, symmetrically branched compound can be prepared in analytically
pure form on a large scale by using commercially available starting materials. The conversions of HAT-heza-
carbonitrile to the corresponding hezasmide, heisacid, hexaeter, and trianhydride derivatives were also ac-
complished.

In this paper we report the first synthesis of Scheme I
hexaazatriphenylenehexacarbonitrile (HAT-hexacarbo- C
nitrile) (3) by a simple method from readily available0N-Y N
precursors. Derivatives of this compound, containing no KojCN14 " 'I
hydrogen, are potentially useful in the preparation of +I n+ (thermally stable, oxidation-resistant polymers) Hexaa- Pic~o~ ZNC
zatriphenylene (HAT-H.) itself has been made previously, :111 CII
but the first reported sequence2 is rather long and does0
not suggest an easy way to incorporate the kind of multiplea pC
functionality present in hexacarbovitrile 3. Recent 2 3
methods using haaminobenzene2 as the starting material -
are shorter, but have been utilized preparatively only in aqueous SCE (-0.595 V vs. ferrocene) for compound 3
the syntheses of hezaalkyl-HKIA7* and, more recently, leading to its radical anion; a second, irreversible couple
HAT-H- itself * Therefore, we now describe the one-step leading to the dianion was observed at -0.495 V.
synthesis of hexacarbonitrile 3 and its conversion to hex- Hydration of hexacarbonitrile 3 to hexamide 4 is ac-
aamide 4, hexaacid 5, hexaester, and trianhydride 6 de. complished readily using concentrated sulfuric acid at
rivatives. room temperature for 3 days (Scheme 11). As in every

Our starting material, aeaeOy~~ef~ octahydrate reaction involving derivatives of 3, it is particularly im-
(1), is available commercially but in rather expensive. We portant that all of the functional groups be converted to
have therefore prepared it in- a two-sten reaction from the next in very high yield;' a procedure that afforded the
glyoxal; self-co ndensation to afford tetaydroxQuiDoe pentacarboamdo mononitrile as a contaminant, for ox-
proceeds as described previously,' and then oxidation to ample, would be useless. 13C NMR of hexaamide 4agn
ompound 1 was accomplished by using a modified liter- reveals the simple pattern expected, except that the pe-

&t'ure5 method. Reaction of hexaketone I with an excess ripheral carbons are coupled to one of the amide NH's.7

ot liaminomaleonitrile (2) in refluxing glacial acetic acid Coupling to only one of the two amide NH's can be ra-
affi-ds hexacarbonitrile 3 in 81% yield as shown in tionalized by recalling that JCJ1eprine the same krind
Scheme L Our procedure is in close analogy to that used o denecetaJ des. h prxmtl
by Skejins and Webb in their condensation of hexaketone 7-Hz coupling constant we maueis consistent with
1 with o-phenylenediamin.6 Hexacarboirl 3 is isolated long-range C-H coupling, andonlythe amide NH syn to
by simple filtration from the hot reaction mixture and is the carbonyl oxygen exists in a 'w conformation" with
analytical.', pure after drying. Its 13C NMR spectrlum respect to the peripheral carbon; we propose, therefore,
reveals the simple pattern expected for a compound with that it is the only proton coupling to that carbon. Of
Du, symmetry, and we observe three singlets: one for special interest is the ability of laser desorption Fourier
nitrile carboar, one for peripheral aromatic carbons, and transform ion cyclotron resonance mass spectrometryO to
one for internal aromatic carbons. As anticipated, the yield a molecular ion for this highly polar, nonvolatile
compound is quite insoluble in nonpolar organic solvents, molecule (K* complex ion observed). No other mass
but solutions in DM(F or Me2SO can be made. A DMEF spectrometric technique we have tried gave us any inter-
solution with tetrabutylammonium perchiorate as the pretable data on this compound.
supporting electrolyte was used to establish a chemically Attempted basic hydrolyses (NaOH/H 20/heat or
reversible, couple centered at -0.105 V (AEr 100 mV) vs. NagO2/HtO) of hexaamide 4 to hexaacid 5 consistently

__________________________ yielded mixtures of partially hydrolyzed polyacida, de-
(1) For introductory reading. ame (a) L.sanua. 8, E. Cheistry terniined by ion-exchange chromatography and by paper

a-W Poperties of Crosslinhd Pblymem Acedemic: Now York, 1977; p electrophoresis; this result is not too surprising, as by-
5-137. Mb Frasier, A. H., High Temperature ResitanWt Polymere, Warxdsttcrsepetdt eom rgesieysoe
New York, 16W, pp 205-318.rxd tal sepce t eoeporsieysoe

(2) Neaiski-Hinkem,. R, Bensdek1Vmoe, P; Unitiem. D.; Nusiseki on the progressively greater charged polyacid. Acidic
J. J. Organomet. Chemn. 16, 217,179. hydrolysis methods also gave mixtures of insoluble prod-

(3) (a) Kohus, B.; Praecks . Liebig5 AnnI. Chem. 1905 522. M csta eentraiy hrceie.W eesc
Rogers, D. Z 4. Org. Chem. 1166,51,3904 (thin paper deacribes both a cstaweentrdiyhrceum.W wreu-
couwi eut ynthinlaof I smnbessoue and its converson to hem-.
ustrph..tyLea with glyosal in 83% crude yield). M7 It.i not surprising that the carbomyl =an does not couple to the

(4) Patiadi, A. J.; Sae.W .OgncSyntheses. Wow. New York adjaent smide FroA the almoet omplete hack of carbonyl coupling to
Collect. Vol V, p 1011. adjacet (but not directly bonded) potao allowed early -3C NMR in.

(5) (a) Nietahi R; Desackiser, T. Ber. ISM,18, 506. (b) Ochial, IL; veetigtore to obee signals before the advent of decul methods.
Kobsym.l Y.; Higiniwa, T4Take chi, &; Fujimoto, BL. Chem. Abetr. (8) Wlberg K. &.; Lampon. G.M.; Civ, P .;Co6 Mr, D. S,
11647, W, 104832 Sehertler, P.; Lavanish, J. Tetaedron 1165, 21, 2749.

(8) SkuJlm S.; Webb, G. A. Tetrahedron IM6, 925. (9) Marehall, A. 0. Ace. Chem,. Res. 191,83M6
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Scheme 11
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ceesful in converting hexaamide to hexaacid under diazo- T (300 MIHz) were obtained with equipment funded in part by
tizing conditions' by using sodium nitrite in trifluoroacetic NIH Grant 1 S10 RR01458-01A1. We thankr Richard Weisen-
acid, and precipitation of the sodium salt afforded the berger and Dr. C. K Cottrell for their assistance in obtaining m
hexacarboxylate as confirmed by its microanalysis and and high-field 1H NMR spectra, respectively, at The Ohio State

simpe 1C N R sectrm tkenin 20/H0. s crn- University Chemical Instrumentation Center, and Carl Engelmansimpe 'C N R sectum akenin 20/20-AS OM' for othar NMR assistance.pared to the highly water-insoluble hexacarbonitrile or Haasoycoea Octahydirate (1). We have modified
hexaamide, heisacid 5 is very water soluble as its poly- the original procedure reported by Nietzki et at5 ' as follows:
carboxylate. Vigorous treatment with HCI results in ionl Powdered sodium tetrahydroxyquinone' (10.8 g, 50 mmol) was
exchange and precipitation of the less soluble carboxylic added in portions to a stirred, ambient temperature solution of
acid form with no observable decarboxylation; acid-cata- 25% HN03 (150 mL) over a period of 10 min. The temperature
lyzed esterification with methanol yields the hexamethyl of the vigorous reaction was controlled at 45 * 5 OC by using an
ester in 84% yield. In addition, the heisacid forms ice bath, and the resulting dlear, light yellow solution was cooled
water-insoluble metal ion complexes; this work is still in at 5 *C Colorless crystals formed and were collected by filtration,
progress and will be reported at alater date. washed with cold water (3 x30 mL), and dried to gve 1(11.7

Triahydide ormtionwasaccmplihedby uinghot g, 80%): mp 95-96 *C dec: (lit.5b mp 95-96 *C dec).
atricanhydride formatinasaomlse bye unw"cnesin hot Hezaazatriphenylenehexacarbonitrile (3). A mixture of

acetc ahydide y aaloy totheknon" cnvesio of hexaketocyclohexane octahydrate (10.0 g, 32 mmcol) and di-
pyrazine-2,3,5,6-tetracarboxylic acid to the corresponding amnoalontr* (26.0 g, 240 mmol) in glacial acetic acid (1200
dianhydride. Temperature control seems particularly im- mL) was heated to reffiu with stirring for 2 h. T"he black reaction
portant in our conversion, as does starting with a sample was filtered hot, and the solid was washed with hot glacial acetic
of the hexaacid that has been completely converted to the scid (3 x 150 mL). Drying over KOK pellets at 150 ac and 0.01
H* form. We find that heating a suspension of hexaacid torr for 2 h afforded a brown-black"3 solid (10.1 g, 81 %): mp >350
5 in freshly distilled acetic anhydride at 114-116 -C for *C; "C NMR ((CD3)2SO) A5114.2 (br a, CN's), 135.4 (a, internal
10 min yields a homokeneous solution that, upon evapo- Ar carbons), 141.6 (a, peripheral Ar carons); Ifi (KBr pellet) 2250
ration, gives the trianhyduide 6 as a moisture-sensitive cm' (weak, CN); UV (Me2SO) 288 n, 310;, desorption chemical
solid. Crystallization from acetonitrile/benzene/tri- icarat+u I-). etu C ,rnc(eaieitest)3510
fluoroacetic anhydride affords a crystalline, moisture- Anal. Calcd for C,,$,, C, 56.25; H, 0; N, 43.75. Found. C,
sensitive solid whose "3C NMR spectrum consists of three 56.09- HK 0.14; N, 43.60.
lines. Treatment of the 13C NMR sample with 1 equiv of Hezaazatripheuyleeeaabxmd (4). A solution of
H20 led to a signifiatly complicated spectrum that, upon HAT-haeuarboeiitrile (4M0g& 12.5 mmol) in concentrated H2S04
further addition of excess H20, again demonstrated a (100 znL) was stirred at room temperature for 72 h and then was
three-line spectrum identical with that of the hexaacid in added dropwriae to rapidly stirred ice-water (3 L). The solid was
the same solvent. The trianhydride is much more soluble collected by filtration, washied with water (3 x 100 mnL) and
in organic solvents (eg., acetonitrile) than the other HAT acetone (3 X 100 mL), end dried at 100 OC and 0.01 torr for 14

deriativs wehaveprepred.h to provide a pray-black solid (5.38 g, 87%): mp >350 OC; "3C
deriativs wehaveprepred.NIR K(DAS0) 60140.5 (a, internal Ar carbons), 148.3 Kd J

In summary, we have reported a one-step tricondensa- 7.3 Hz, coalesces to a with broad-band 'H decoupling, peripheral
tion reaction that leads to the h~aztihnluenucleus Ar carbons), 166.2 (a, CONHs); IR (M~ pellet) 1680 cmn1 (strong,
in excellent yield. Manipulation of the functionality C-.O); UVY (Me1SO) 280 nm, 322; lase desorption FT ICR mass
available on HAT-hexacarbonitrile will lead to derivatives spectrum; rn/c (relative intensity) 531 (100, [M + KJ*).
heretofore unavailable, such a the three we have described Anal. Calcd for C,,$nNnsjrH4O:. C, 42.35; H, 2.77; N, 32.94.
in this paper. We expect to report on the synthetic Found. C, 42.62; H, 2.74; N, 33.00.
methods required, as well as studies on the physical H9a lhe @1041~O~li Acid (5). A solution
properties of these compounds, as our work in thisam~ ofHAT-haaaro ad (4.92 g, 10 mmol; 4) in trifluoroacetic
continues, acid (15 mL) was stire at room temperature. Solid sodium

nitrite (7.0 g, 90 mmol) was added to this solution portionwise
Experinental Soct* over a period of 15 min, with the temperature kept under 25 OC

by cooling with an ice bath. An initial brisk evolution of gas was
General. Melting pointe were taken on an Electrothermal noted, and the black solution changed to an orange brown sus-

melting point apparatus and are uncorrected. Mimranslyse were pension Acetic acid (150 L) was added, the mixture was stirred
carried out at Canadlian Microanalytical Service, New West-
minter, B.C. Mass. spectra were obtained by onr of a Kratcos0 ____________________

mas spectromeater. rT-NMR spectra at 11.75 (500 NflHs) or 7.0 (18) One revisme has suggeste that this color is due to en impurity
atthe phhlcaie sWcodation product at nitrile 3, which could

fom=ra the initial acetic acid reaction. In our experience, the only
(10) Andsoheim. EL, Bender, KI L J. Am Chemn Soo. 1955,82A896. way to check the purity of this compound is to take its "2C N1MRf spec-
(11) Hhrsch, S. & 4. Pbiym. Sd. IM6, 7, 1& trum. T7U Msp9O-dt solutio nsd musnt be stirred for several hous at
(12) While the -C NMR spectrum of this compound clearly demo. room temerwature to ewm complete dissolution. Samples that ane

oaits Ib - I a the trisahydrida, its high reactivty with waier has either (a) impure because of defectiv starting materials or improper
bosted our efforts at microanalysis. Evees with desicated shipping reaction conditions or (b) icmltl dissolved will demonstrate very
metheds, this compound analysed correctl for CuO ph. 0.6 mole. broadl * *le - for the arosesiccaron. We now routinely tes every
ous of HgO, indicat partial hydrolysis. batch of HAT-hmcarbonltuila in this way before its further conversion
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for 12 h and poured into ice-water (300 mL), and the crude internal or peripheral Ar carbons), 53.63 (s, methyl carbons); 'H
product was collected by filtration. The solid was dissolved in NMR (CDCl/CF3COOH) 6 4.17 (a, CH 3); IR (KBr pellet) A 1750
sodium bicarbonate solution (20 g in 150 mL water) and filtered cm -1 (strong, C-O); UV (Me2SO) 274 rnm, 312; FAB mass
to remove any insoluble solid. The filtrate was treated with spectrum, m/e 583 (M - 1).
activated charcoal, heated to boiling, and filtered to give a clear Anal. Calcd for C24HIsN6 O12: C, 49.48; H, 3.09; N, 14.43.
yellow solution that was treated with a cold sodium hydroxide Found: C, 49.12; H, 3.14; N, 14.50.
solution (20.0 g in 100 mL water) An immediate precipitation Hexaazatriphenylenehexacarboxylic Acid Trianhydride
of sodium HAT-hexacarboxylate as a yellow solid occurred, and (6). HAT-hexacarboxylic acid (1.25 g, 23.8 mmol;- 5) was added
complete precipitation of the salt was effected by the addition to freshly distilled acetic anhydride (60 mL) and heated to 115
of ethanol (30 mL). The product was filtered, washed with 50% * 2 *C under a nitrogen atmosphere. The vigorously stirred
aqueous alcohol (3 X 50 mL), and dried under vacuum [100 °C mixture turned to a clear brown solution within 10 min, then
(0.1 torr)] to afford 4.53 g of the polysodium salt of 5: IR (KBr heating was discontinued, and the solution was allowed to cool
pellet) A 1618 cm -' (>C'=O); 13C NMR (D2O/H20) 8 140.00 (s, over a period of 20 min. The solvent was removed by rotary
internal carbons), 151.08 (s, peripheral carbons), 171.70 (a, car- evaporation under reduced pressure, and the residue was re-
boxylate carbons). crystallized from acetonitrile and benzene (by using a few drops

The free acid was obtained as follows: Polysodium HAT- of trifluoroacetic anhydride as desiccant) to give 6 (963 mg, 95 %)
hexacarboxylate (2.52 g, 40 nmmol) was suspended in water (100 as moisture-sensitive needles: mp >350 0C; 13C NMR (CD3CN)
mL), heated to 50 OC, and acidified by adding concentrated HCI 5 159.58 (a, carbonyl carbons), 148.62 (s, internal or peripheral
(100 mL). The mixture that formed was heated at 90 *C for 1 Ar carbons), 14&15 (s, internal or peripheral Ar carbons); IR (KBr)
h, then was filtered, washed with 10% HCI (3 X 25 mL), and it 1820 (strong), 1880 cm' (>C-O).
finally washed with deionized water 2 X 25 mL). The product AnaL" Calcd for CgNO0.6 H2. C, 47.51; H, 0.27; N; 18.47.
was dried at 120 'C (0.1 torr) to give 5 (1.88 g, 89.5%) as its Found: C, 47.88; H, 0.30, N, 18.11.
sesquihydrate: mp >350 0C; '3C NMR (D20/dilute NH4OH) a
140.1 (a, internal Ar carbons), 151.2 (a, peripheral Ar carbons), Acknowledgment. We appreciate the efforts of Sheila
171.7 (a, carboxyi carbons); IR (KBr pellet) it 1730 cm-r (>C--O); Schutte in performing the cyclic voltametry experiments
UV (MeSO) 278 rum, 316. described in this paper, in addition, we are grateful to Dr.

Anal Calcd for C OH*N40 -I.5HO C, 4L16; H, 1.73; N, 15.99. Alan Schwalbacher and Prof. Przemyslaw Maslak who
Found: C, 41.07; H, 1.91; N, 15.82. made timely suggestions and to Dr. Stanley Wentworth

The hexamethyl eater was prepared as follows: A solution for both helpful discussions and shared interest in this
of hexaacid acid 5 (525 mg of the sesquihydrate, 1 mol) in work. The assistance of Ron Shomo in conducting the
absolute methanol (200 mL) and concentrated sulfuric acid (1 mass spectrometry experiment of hexaamide 4 and of Dr.
mL) was heated to reflux with stirring for 10 h. The solid was
collected by filtration, washed with aqueous methanol (50 m), M. S. P. Sarma in preparing hexaketocyclohexane octa-
and dried at 100 eC and 0.01 torr for 6 h to provide a cream colored hydrate is acknowledged. Initial funding for-this work via
solid (490 mg, 84%) that could be recrytallized from acetonitri , a starter grant from the American Cancer Society-Ohio
mp >350 IC; "C NMR (MeSO-d) 1 164.02 (a, ester carbonyl Division and subsequent major funding from the Army
carbom) 145.08 (a, internal or peripheral Ar carbons), 142.23 (a, Research Office is acknowledged with gratitude.
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Derivatives of Hexaazatriphenylene
K. Kanakarajan and Anthony W. Czarnik °

Department of Chemistry. The Ohio State University,
Columbus, Ohio 43210
Received May 16. 1988

Synthetic methods and product characterizations for the conversions of 1,4,5,8,9,12-hexaazatriphenvlene-
hexacarboxylic acid to the corresponding triester triacid, triamic acid, triimide, triester triacid chloride,
trimethyl triethyl hexaester, trimethyl ester tri(NV.N-dimethyl)amide, hexaamide, tri(NN-dimethyl)amide
triacid, tri(N.N-dimethvl)amide triacid chloride, and trisphthalhydrazide derivatives are described.

I. Heieo cic Chem.. 25, 1869 (1988).

As part of our interest in the use of hexaazatriphenylene Both trianhydride l and triester triacid 2 can be reacted
(HAT) derivatives for the synthesis of thermooxidatively- with primary amines to provide symmetrical amic acids 3,
stable polymers [1), we have been studying the chemistry although the trianhydride route is preferable with relative-
of hexaazatriphenvlene trianhydride (1). In this report, we ly unreactive amines (e.g., t-butylamine). The amic acids
focus on the synthesis of hexasubstituted derivatives of can be conveniently isolated by acid-precipitation from
HAT useful for the preparation of polyimides [2], i.e., all aqueous solution. Chemical imidization (i.e., 3 - 4) was
substituents at the carboxylic acid oxidation level, accomplished using a variety of dehydrating agents, in-

Hexaazatriphenylene trianhvdride (1) proved to be an cluding acetic anhydride, trifluoroacetic anhydride, and
unusually reactive aromatic anhydride. While it can be ob- thionyl chloride. The resulting triimides 4a-c were high-
tained in crystalline form [3], reaction with atmospheric melting solids, whose "iC nmr spectra revealed the simple
moisture is extremely facile; for this reason, it is not conve- patterns expected for symmetrical compounds [4).
nient to store the anhydride. As one solution, we reacted The preparation of triamic acids derived from ca,--di-
anhydride 1 immediately with anhydrous methanol to af- amines led to zwitterionic products with unacceptable
ford the triester triacid 2, which is a solid and infinitely solubility properties. For example, the reaction of tri-
stable when stored in a desiccator. Two isomeric triester anhydride 1 with 1,6-hexanediamine provides oompound
triacids are possible in this reaction: compound 2, which 3, R = (CH2)6NH,, that is soluble in water but highly in-

possesses D3, symmetry, and the unsymmetrical derivative soluble in methanol, chloroform, THF, DMF, dimethyl-
in which one set of ester and acid groups has been inter- acetamide, and DMSO. Chemical imidization with acetic
rhanged. To the limits of our analytical detection (ca. 5% anhydride affords triimide 4, R = (CH) 6NHAc, which is
bv 'H nmr), only the symmetrical isomer 2 is obtained in highly soluble to organic solvents; however, we have (not
this reaction, based on the simplicity of the 'H and '3C surprisingly) been unable to remove the acetyl groups
nmr spectra obtained. Of course, this conclusion is based without hydrolyzing the imide group. Inasmuch as the
on an imperfect assumption that the two isomers would polymerization reaction cannot be conducted in water, a
not have superimposible spectra, suitably protected, organic soluble derivative of the

>0
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triamic acids was sought. We found that conversion of
triester triacid 2 to the corresponding triacid chloride 5 0
could be accomplished using standard conditions. While o (
the acid chloride was not characterized, conversion to the N

trimethvl triethvl ester 6 by treatment with ethanol provid- 0 9 NJ "N
ed both a structure proof for 5 and additional evidence ,
that compound 2 is, in fact, a single isomer.

Reaction of acid chloride 5 with excess dimethylamine
provides triester triamide 7 with no apparent further reac- N N

tion to higher amide derivatives. Compound 7 is a very
useful protected version of triester 2, and therefore of MIE co,,,
trianhydride 1. The nmr spectra of 7 are complex, we feel 10 a CO

owing to the various conformational isomers that the func-
tional groups of 7 can adopt (e.g., the amide and ester As reported previously, the hexamethyl ester of HAT 11
groups can be "above" or "below" the heterocycle plane, may be prepared straightforwardly from the hexaacid [3].
etc.). Indeed, heating a solution of 7 in DMSO-d, results in Predictably, these ester groups are highly reactive towards
a coalescence of the amide methyl peaks from a multiplet acyl substitution reactions. Reaction of 11 with either
at 2.95-3.25 ppm (300) to two broad singlets at 3.07 and
3.18 ppm (1300). Compound 7 affords mixed hexaamides coN CONHR

in the reaction with primary diamines; for example, treat- -1~:N i2M* N es Y
N 

O
/

ment of 7 with 1,6-hexanediamine affords hexaamide 8, M10 2C N N excess RHNOC N N

which is soluble in both water and polar organic solvents M002C N N R2 RHNOC " N

like acetonitrile and chloroform. We have observed on a N N N
COMey "CONHA

small scale that reaction of hexaamide 8 with trifluoro- 11 co2M e  12 CONHR

acetic anhydride and heat provides the N-trifluoroacetylat-
ed triimide as product. Interestingly, 7 is quite unreactive 0. R.(CH2 )5 Cas

towards substitution by a secondary amine; attempted b, R-(CH2 )gCH3

reaction of 7 with excess dimethylamine returns starting
material as the only product. Additionally, reaction of 7 HO N

with l-hexylamine under the same conditions gives only
starting material back. Intermediate 7 may also be obtain- OH OH
ed via the N.N-dimethylamic acid 9. Conversion to the NHZNH2  NA N I.N

.,.V-dimethylamic acid chloride 10 with thionyl chloride N
N *N

and methanolysis gave triester triamide 7 that was iden- OH N- OH
tical to that prepared using the other route. In practice, we
find that the sequence 2 - 5 - 7 is the simplest to per- HO

form, and is therefore preferable. 13
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1-hexvl- or 1-decylamine provides the corresponding hexa- 3H, CH,), 1.35 (in, 6H. 3 x CH, 1.85 (quintet. 2H, CH2). 4.0 (t. 2H, NCH 2)
amides 12a and 12b. Both compounds are highly insolu- ppm; "C nmr (deuteriochloroform): 14.0. 22.5. 26.6, 28.4. 31.3, 39.8

ble in neutral media (e.g., chloroform, DMF, DMSO), (aliphatic carbons), 144.6 (internal aromatic carbons). 148.8 (peripheral
perhaps because of the very favorable amide-amide aromatic carbons), 162.0 (carbonyl carbons) ppm; Fab ms: mle 696 (M'

+3).
hydrogen-bonding interaction made possible in a stacked Anal. Calcd for C,.H,,N,0O: C, 62.33; H, 5.67; N, 18.17. Found: C,
HAT assembly; this hypothesis is being checked by X-ray 62.05; H, 5.62; N, 18.14.

crystallography. Tri(N.-pentafluorophenvl) 1.4.5,8,9,12-hexaazatriphenylene-2,3.67. 10.11 -
Finally, reaction of hexaester 11 with hvdrazine hydrate hexacarboxylic Acid Trisimide (4b).

affords the corresponding trisphthalhydrazide 13 as abfd te ogaic1 aTrianhydride 1, prepared as described above from the hexaacid (350
black solid. This compound is soluble in bmg, 0.79 minmole) was dissolved in dry dimethylacetamide (15 ml) and
solution, and its "3C nmr spectrum reveals the simple treated with pentafluoroaniline (1.43 g, 7.5 mmoles). The mixture was
three-line pattern expected for the symmetrical product. heated on a steam bath for 15 minutes. cooled, poured onto ice (35 g),
Conversion to the trisodium salt with sodium hydroxide and acidified with concentrated hydrochloric acid (15 ml). The resulting

solid was filtered, washed with water, and dried in vacuo at room
again afforded a black solid, which gave appropriate temperature. The crude triamic acid was mixed with trifluoroacetic
microanalvtical data. anhydride (5 ml) and trifluoroacetic acid (0.3 ml) and heated in a sealed

tube on a steam bath for 48 hours. The reaction was evaporated to

EXPERIMENTAL dryness and the residue was recrystallized/precipitated from ethl
acetate/toluene to afford trisimide 46 (485 mg, 65%), mp >3600: uv

Mass spectra were obtained by use of a Kratos-30 mass spectrometer. (DMS% 292. 328 rm; "C nmr (DMSO-dj: 135.9. 139.9. 141.1. 145.0
The Ft-nmr spectra at 11.75 test& (500 MHz) or 7.0 tesl (300 MHz) were (phenyl carbons; all signals are broad "singlets" or multiplets due to C-F
obtained using eouipment funded in part by NIH Grant 41 sl0 coupling), 144.5 (internal aromatic carbons), 148.6 (peripheral aromatic
RR014584)ilAl. We thank Mr. Richard Weisenberger and Mr. Carl carbons), 160.6 (carbonyl carbons) ppm; Fab ms: mie 942 IM" -3).
Enge man for their assistance in obtaining mass and high-field 'H nmr Anal Calcd. for C,.F ,,O,: C, 46.03; F, 30.34; N. 13.42. Found: C.
.,ectra. respectively. Melting points were taken on an Electrothermal 46.00; F, 30.22; N, 13.04.
ineiting point apparatus and are uncorrected. Microanalyses were car- Tri(N-t-butyl)-l.4,5,8,9.12hexaazatriphenvlene-2,3,67.,10,l 1-hexacarbox.
r:ed ilut at Canadian Microanalytical Service, New Westminster, B. C. ylic Acid Trisimide (4c).
Many of the compounds in this series are hygroscopic; satisfactory The trianhydride (320 rag, 0.72 minoie) prepared as described above.
microanalvses were calculated based on hydrated samples. Perhaps for treatedwith a mg, G7 - m ne prepaedin d r boe .
the ame reason the me g points of some compounds in this series wml) in dry acetoitrile 20
tere found to be mariable ml). After stirring for 1 hour, the reaction was evaporated to dryness. The

residue was suspended in acetonitrile, filtered, and washed with
2,6.10-Tricarbomethoxy-l,4,5.8.9,12.hexaazatriphenylene3,7,11.tri. acetonitrile to give trisamic acid 3c (500 mg) as a colorless solid. The
rarboxylic Acid (2). crude product was dissolved in thionyl chloride (10 ml) and heated on a

A mixture of (exaazatriphenvlenehexacarboxylic acid [31 (1.5 g, 3 steam bath for 30 minutes. Excess thionyl chloride was removed by
mmoiesi in acetic anhydride 140 ml) was heated to 115' briefly to obtain evaporation, then the residue was dissolved in chloroform and
a homogeneous solution. After cooling and evaporation, trianhydride I precipitated by addition of hexane. The resulting solid was filtered, wash-

w31 -as obtained as an oil that was used without purification. Anhydrous ed with hexane and water, then recrystallized from chloroform/hexane
methanol (25 ml) was added, then the solution was concentrated and with the use of decolorizing carbon to give the trisimide 4c as a light
poured into ice water (25 ml). The solid was filtered, washed with water, yellow solid (350 mg, 76%), mp >3200; uv (DMSO). 284, 338; 'H nmr
and dried it vacuo to give triester triacid 2 as a light yellow solid (1.49 g, (deuteriochloroformy 1.85 (s, CHO; "C nmr (deuteriochloroformiDMSO-
92%), mp 205.2070 lec; uv (DMSOY 276, 314 nm; 'H nmr (DMSO-dj 4.1 d)- 28.6 (CHO, 59.0 (N-C(CH)), 144.4 (internal aromatic carbons), 147.8
is. 3H. OCH) ppm; 1C nmr (DMSOd. 53.6 (CHO, 141.9 and 142.3 (in- (peripheral aromatic carbons), 164.8 (carbonyl carbons); Fab ms: mie 612
ternal aromatic carbons). 145.6 and 146.4 (peripheral aromatic carbons), (M" + 3).
164.7 and 165.4 (ester and acid carbonyl carbons) ppm; Fab ms: mie 542 Anal. Calcd. for C,.HN,O,I-.SH,0: C, 56.60; H, 4.75; N, 19.80.
M' -2). 541 IM' - 1). Found: C, 56.39; H, 4.78; N, 19.48.

2,6,10-Tri(carbethoxy)-3,7,1 I -tri(carbo met hoxy)- 1.4,5,8,9.12-hexaaza-
Anal. Calcd. for C,HiN,,Oi-l.HO: C, 44.55; H, 2.66; N, 14.81. triphenylene (6).

Found: C. 44.27. H. 2.87; N. 14.52. Triester triacid 2 (540 mg, 1 mmoles) in a solution of thionyl chloride

Tri.CV-n-hexvl)).1.4.5,8.9,12.hexaazatriphenylene-2,3.6,7,10,1 l-hexa- (10 ml) and dry benzene (20 ml) was heated on a steam bath for 4 hours
,arboxylic Acid Trisimide (4a). and the reaction was evaporated to dryness. The crude triester/triacid

Trianhydride 1, prepared as described above from the hexascid (996 chloride S was mixed with 15 ml of dry ethanol, upon which a yellow solid
mg, 2 mmoles). was dissolved in dry acetonitrile (50 ml) and n-hexylamine immediately separated. The excess alcohol was removed it vacuo and the
(2.1 g, 20 mmoles) was added. The Yellow precipitate that formed was residue was recrystallized from chloroformlhexane to provide hexaester

filtered and washed with acetonitrile. The solid was suspended in water 6(500mg, 80%) mp 217-2180; uv(DMSO) 274. 312; H nmr(perdeuter-
f400 ml, acidified with concentrated hydrochloric acid (10 ml), stirred ioacetonitrile)y 1.46 (t, 3H, CHCH,). 4.11 (s, 3H, OCHJ, 4.57 (q, 2H,
vigorously for one hour, filtered, washed with water, and dried in vacuo CHMCH) ppm; "iC nmr (perdeuterioacetonitrile)- 14.4 (C-C',), 54.6
to afford triamic acid 3a (114 g, 88%), which decomposes above 1800. (OCH, 64.4 (CHCH), 143.1, 143.2 (internal aromatic carbons), 147.15,
The -rude amic acid (1.11 g, 1.3 mmoles) was mixed with acetic anhy- 147.21, 147.64, 147.72 (peripheral aromatic carbons), 165.0, 165.5 (car-
drid, (50 ml) and trifluoroacetic acid (0.5 ml), refluxed for 2 hours, and bonyl carbons) ppm; Fab ms: rie 626 (M" +2).
the resulting clear solution was evaporated in dryness. The residue was AnaL Calcd. for C,,H , N,O,:s C, 51.93; H, 3.87; N, 13.46. Found: C,
dissolved in hot toluene, treated with charcoal, filtered, and recrystalliz- 51.45; H, 3.84; N, 13.38.
ed with addition of hexane to give trisimide 4a (884 mg, 85%), mp 2,6,l0-Tri(carbomethoxy)-3,7,1 1-tri(N..V-dimethylcarboxamido)-1,4,5,8.-
246-2480; uv (DMSO)Y 288. 338 nm; 'H nmr (deuteriochloroform)Y 0.9 (t, 9,12-hexaazatriphenylene (7).
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T)a solution of triester triaciil b-lonide 5. prepared from the hexaacid Anal. Calcd. for C,0H .,,O,-.5HO: C. 64.84: H. 7.96: N. 16.80.
k_5(1 rmg. Irimoles) as fescribed above, in dry acetonitrile was added a Found: C. 64.81: H, 8.33; N. 16.89.
,olution timreibsiamine (3 mrll in dry acetonitrile. The resulting solution 2.3.6,7,10.1 l.Hexa(.V-(n-diecvl))carboxamido-l.4,5.8,9.12.hexaazatri
was otirred for 15 minutes and evapoirated to dryness. The crude product phenylene (12b).
.as issolved in acetonitrile. a little ilecolorizing carbon was added and

the mixture was passed through a short column of silica gel. eluting with To a solution of ester 11 [31(500 mg, 0.86 mmole) in 1:1 chloroform-.

acetonitnile. Evaporation of the eluant gave a light yellow solid (410 mg. dry THF (300 ml) was added n-decylamine (3.0 g, 19 inmolesl and the
ho 'A. tro 211 .2120; uv (DNS0): 286. 322: 'H nmr (deuteriochloroforml) solution was refluxed for 20 hours. The solid that precipitated was

'.Q'N. ; 02. 3 05. 3. 10 (riiianeric and conformational isomers of one of the filtered, washed with acetonitrile, and dried to afford hexasmide 12b

imil.' methyl groups. -oalesce in heating to 13001, 3.21. 3.22 (rotameric (600 mg, 56%). Recr 'ystallization from acetonitriletrifluoroaceric

and! -ntormationdl isomers of the other amide methyl group: also acid/water and again from trifluoroacetic acidiacetic acid gave the hexa.

coaiesce at 130'), 4.06. 4.08 (conformational isomers of the ester methyl amide as a light brown solid, mp 331.3320: 'H nmr (deuteriochloro.

groupi ppm: "C rimr (deuteriochloroform): 34.99, 35.05 (one of the amide formitrifluoroacetic acid): 0.9 (t. 3H, CHI), 1.2-1.6 (in, 14H, 7 x CH,), 1.9

mneins I arbons,. 38.18. 38.26. 38.32. 38.42 (the other amide methyl car- (quintet. 2H, CH2). 3.7 (q, 2H, CH,). 9.6 (t. IH. amide NH) ppm.

horn. 53.7 (s. ester methyll1) 140-167 (complex multiplet for the aromatic Anal Calcd. for C,.H..5 N, 205 .5 20: C. 64.84: H. 7.-96; N. 16.80.
and ,arbonvl rarbons) ppm: Fab ins: me 623 (M' -21. Found: C. 64.81; H. 8.33; N. 16.89.

Anal. Calcd. for C,.. N,O.-0.5HO: C. 51.43: H. 4.47: N, 19.99. Hexaazatriphenylene trisphthalhydrazide (13).
Fo~und: C. 51.26: H. 4.36: N. 19.71.

Compound 7 could also be made from the anhydride as follows. To a solution of bexaester 11 (582 Ing, 1 minole) in 1:1 chloroform..

Triainhydride 1 (444 mg. I inmolel was dissolved in freh" dstle r methanol (100 moll was added hydrazine hydrate (3 moll, and a black solid
toetonitrile 110m)addvdiehlmn a was crflybbedi- quickly formed. The suspension was refluxed for 3 hours, filtered, wash.

e olution. A veilow solid quickly started separating and addition if ed with methanol and chloroform, and dried to afford the trisphihal-

he iimetrhs/amine gas was discontinued immediately before the solid hydrazide (428 mg, 88%) as a black solid. mp >350': "C nmr

,tarted to f Iissolve. The solid was filtered, washed with acetonitrile. and (triethylamineideuterium oxide): 160.6 (oxygen bearing carbon), 146.4

-Irw." to afford triamic acid 9 that was directly mixed with thionvl ("peripheral"' HAT carbons), 142.7 (internal aromatic carbons) ppm.

(~.liii 10 roil toil heated on a steamn bath for 30 minutes. Excess A sample for microanalysis was prepared by dissolving 11 in tieihyl.

nion' onioride was removed in vaciao and anhydirous methanol 120 ml) aminewater and adding an excess of aqueous sodium hydroxide. The

.,is vld-..i. After 15 rninutis methanol was removed in cacuo. Contami- precipitate was filtered, washed with methanol, aqueous ethanol, and a

n.,:;ng limeths-lammonium chlioride was removed by' passage of the reac- small amount of distilled water. The resulting black solid was dried at

!oi mixture through a hnort column of ilica gel using chloroform as 1I 0Q'l torr: uv (sodium saltiwater): 282. 334. 430 (br) nm.
-luent ti give. after evaporation. triester trtamide 7 with spectral proper. Anal. Calcd. for the trisodium salt (C,H,N,Na,05 '6H.O: C. 32.7 l: H.
tie% identical to tho.,e obtained by using the other method. 2.29; N, 25.45; Na. 10.44. Found: C. 32.91: H. 2.08: N, 25.22: Na. 10.6.

3.7.11 -Tri(.V46ami nrohexyllcarboxamido-2,6, 10-tri(iV',,V'.di met hvl.
-arboxamido. 1.4.3.8.9.1 2.hexaazatrtphenvlene 18).Acnweg nt

To a solution if 1.6-hexanediamine 12.48 g. 21 inmoles) in dry We thank Ms. Bonnie Crotjohn for technical assistance in obtaining
.scet,,nirrle (100 ml) was added dropwtse a solution of tries ter! riamide 9 spectral data on some of these compounds. Mass spectra were obtained
207 'ne. 0)33 inmolei in dry acetonitrile (25 ml). The resulting mixture by use of a Kratos.30 mass spectrometer. The ft-nmr spectra at 11.75
was tieated fur 10 minutes over a steam bath then the solvent was remov- tesla (500 MHz) or 7.0 tesla (300 MHz) were obtained using equipment
-1 n taciso. the residue was dissolved in chloroform, and the product was funded in part by NIH Grand 21 S10 RR01458.01A1. We thank Mr.
pr~ripitated by adding hexane. This process was repeated several times Richard Weisenberger and Dr. C. E. Cottrell for their assistance in ob.

1, rmove 'ociess hexanediamine. then the solid was triturated with hex- taining mass and high-field 'H nmr spectra. respectively, at The Ohio
An... filt..red, and dried to afford hexaamide 8 (174 mg, 60%), mp State University Chemical Instrumentation Center and Mr. Carl
..o320'. darkens above 2900; uv )DMSOY. 286. 326: 'H nmr (deuteria. Engelman for other nmr assistance. Funding from the Army Research
hos,itrmr. 1.3-3.7 (mt, ppm: i"' nmr (deutertochloroformY. complicated Office is acknowledged with gratitude.

muitipiets in aliptiatic and aromatic regions; Fab ins: miei 8 75 (M* +2).
4na!. Caled. for IHN 03 0:C. 54.35: H. 7 49: N. 22.63. Found: REFERENCES AND NOTES
0564: H. 7 07; N. 22. W

23.6.7,.10,1 1 - ~aAnhx0rroaio ,15891-eazti [11 K. Kanakarajan and A. W. Czarnik. "*Materials Derived from the
ptienviene (12&1. Hydrogen-Free Heterocycle Hexaazatriphenylene Hexacarbonitrile. Syn-

theses and High Temperature Properties of Polyimtides". in SocietY of
Ta solution Wi "ster 11 [31682 mg, I mmole) in 2:1 chloroformiTHF Advanced of Wateeeis and Process Engineering' Series 33, 956 (1988).

1150 ml: solubilized with warming) was added n-hexylamine (0.55 g, 15 [21 For some recent reviews, see: [a] P. E. Cassity, "Thermally Stable
mmors) and the mixture was refluxed for 24 hours. The colorless solid Polymers''. Marcel Dekker, Inc.. New York, NY, 1980. Chapter '5: [b] J.
that precipitated was filtered, washed with chloroform, and recrystallized P. Critchley. G. 1. Knight, and W. W. Wright. "Heat-Resistant
from trifluoroacetic acidiwater to afford hexaamide 12a (851 mng, 86%). Polymers". Plenum Press. New York, NY, 1983. pp 186-258.
mp > 350': uv (DMSOI: 282. 324 nm: 'H nmr (deuteriochloroformy. 0.95 [31 K. Kanakarajan and A. W. Czarnik. I. Org. Chem.. 51, 5241
ft. 3H. CHI), 1 5 (in. 6H. 3 It CI). 1.8 (quintet. 2H, CHI), 3.7 (q, 2H, (1986).
N.C'H?,. 9 2 (hr .NH) ppm: T.' nmr ldeute~riochloroformitrilluoroacetir (41 Using the same procedure for the preparation of 4b, we also
iii'): 13 8. 22. , 26..) . 219, . 31.3. 12.0 (all single lines, bray) carbons), prepared triphenyl trisimide using aniline. The product afforded ''C nmr
: I 6 1'. internal aromatic ,arhoins), 11,5. Isk. peripheral aromatic car. and mass spectra supportive 'if the structure assignment: however.

ionst. 164 7 f%. '-.irionvi -arbons) ppm. N'o identifiable signals were seen because a microanalysis agreeing to within 0.4%l on all elements could
by Fab mass ipertromrtrv. not be obtained, we are unable to report this compound.



REPRINT

* " : . Journal of 1988

--, . Synthetic Organic No. 1
-, Chemistry January

With Compliments of the Author.

GEORG THIEME VERLAG • STUTTGART • NEW YORK



3 jfluar\Communications

' .I~r L~n~~el kih '."reenlh'r. that ~ anbenzoquinonie conducted at low temperatures by the DDQ method. Recentix.
DDtQi %\e lta'e hknrcttatproducts 4. in general. are we have Aiso reported a similar facile dehvdroL'enatiOn of' 1.b-

.sritabie and cannot be isclaied.' The% hydrolyze to 5.6- dihvdro pyrimidines.-
Jih% drop% rimidin-4i S/B-ones and polkmenze easily. However. For both Methods A and B it is essential that eth\ ether;i used
:hi, diti-icuit% is a'.oided if the mixture is quenched at 0 C with as the medium for the addition reaction. Te trahv.drof'uran

.,n )eeu ialei(of~ate ad tientrate wih DQ t 0C. promotes bromine-lithium exchange and lithiation" reactions
1hi, route gi'.s excellent .ields of' p~rimidines 5. including that result in much lower yields of' 5. 1-ldrocarbon sol'enits
:ornpot.nrds that cannot he obtained in Mlethod A. cannot be used. because of t'he low solubility of I and 2 in these
Thle c.xanwfles cited in Table I are representative of' the many solvents.

~,:ce-'tu .iornit:'.iio: orunsabl 5.-di~d opxmidnes H'.drolvsts of' 5 to uracils 6 is best conducted usine- (6 normal

hydrochloric acid. The conditions employed permit isolation ot
thien,,luiracils 6e and 6f in good yields. The methox\. group in 6d

i. s ihs> 1 .ni'und Sc-~ trn xriidie Ii Mtho *~ is also stable to hydrolysis under these conditions. In agreement
'as a g m Prirn~in 2 Mtho Bi.and with the iven, general structures for products 5 and 6. p~r-

4,j 1 rac::! ba imidines 5a and 5c Lire hydrolyzed to known, 6-methyluracil'
(b-a) and b-phenyluracl (6c). respectively. Properties of nies

caZ j,:,r rt P m i'nuine r :I. 2 4 it h R -L i i-{ droivsis o(5S pynmidines 5 and uracils 6 are given in Table 2.

Crd i:,n, Proluc! Yieid Product 'tield n-Burslliihium i' 6) M in hexanesi. methvilithium (1 4 MI in etheri. and
phen~lliihium 1 8 %f in ecicohexane ether) were obtined tror

- -Aldrich. 5-Bromo-2-.4-bisimethvlthioip~nmdne' and 2.-t-hisimneih%!-
; s ha -' thio p n m id ine -were prepared. and 2-thiensilthium and 2.ihiazol%1.

5b b b 'ithium' in ether were generated as described. Solutions oi 2-meiliox -
C tic phensilithium and 3-ihiensilithium in ether were generated in ihe

;1 C reaction of huts ilithium with one mole equisalent of- 2-hromoaniso'c
5d ad.nd 3-hromothiophene. respectivrel~Teslto fht.ltim.

I rd Iadded dropwise to the ether solution of the respectise hromo compound
5e J be h~is at - 4t0 C. and the mixture was stirred at - -U)l C for 20O min hetore use

Ether Aas distilled trom sodium h)enzophenone keti immediaica.
fhf 6setore use

4; 1 h g 6-Submtuted 2.4-Bimmethd.thiolpyrmidines 5a-g; General Procedures:
5g Method A To a solution ofain organolithium reagent R-Li i i) mnmoii

- _______________________ in ether i50mLi under nitrogen atmosphere at -. 401 C is added

ribie 2. P,:c i 1. rriicines and Iracil, 6

\ucurFrmuia- H-.\MRI. JiH.i M1S' M I

ib H N:S 2> m ~fi. 'Hi. 23 s iS Hi.: 6 64 (,. 228i Itii O. 1 1. 154' (181~

"S 41 H, H-3)
Cc : H ,s,:Sz 239is. SWH. 262 is. 3W1. Nis. IH H- l 2t8 ilil. 233 ?'i. 215 i44i. 202
'-X 1 '41(in. 3H). Si in 'H. H1- . Hi-iS 1'4-s. 187('l). 25f4-ti. 14

ed -- As-t H 5 25i ~.s s H.Xis. 1,H), ih 40- 2-X (100). 263 1",), 1-1s I

m.I H. H -t)
Cr 4 H Ni 2 56if H). 2s. IHi 00. iis. IH. H-si. 25-4 1 1 W. 2 i "i.21

' 4 -ti 1i iZd. f1 "- J' i 4 5 1. - H-
52 ,id. If) If. , I J. = ,

if4: 'r2 1i2d. I ff. J . =13. J.
'i). Hf-2)

at 4 I f NS Sis. I H. 2tsliis. 1Hi,-43id. HJ, 5' 1 1 oli 241) 06i1. 222 11IsI, !Q4
I;< 41 5. 7 1 1 H. H -si. ' X8 i d. IH. J, lI ht. 16 212.4. 133s IS I

C, H1)i~ i 1 9im 1 Hi,2,3 (tii2. 2 H li. I H. H. 6- ihs I. 12-6 1uh 10o) is" i (;),(
168 

2 ) si., 11) 7 1hr s. 2 H, N H) i161
hd Ci I-0 H. N.O,0 3 80 i1. 3 Hi. 5 49 is. I H. H-5i. is 85-' 65 (in. 218 (i X)0, 164) 1i96i. 11)4 i42i

,:8Is 4Hi. 11)1?8 ihr s, 1 H. N H. 109 5 1ihr s. I H.
NH)

he - ' S75 is. I H. H-Si. 7 20 urm. I H. H-4') 7 88 Z94 110I 1f i X2.Il 5
'1m i. 2 H. H- V. H -Si.) If Ii ih r s, 2 H. NH i

hr IF 0 ,,Ni 5' 1)" 1 H. H-Si. 762 im. 2H4. H-4'. H-Si1. 110(15 i Is i 1i1(, 4 491
1-04 1 2 1n H, H -2i. 1 99 ihr s,.211. ,H i

>2.'I.)*,6 610 1 H, H -i5. X104-s. '1. It-4'. H-~i 195; liEN). 12-) V7i. ill 111), 5
P), 2I1 hr ~. 2H. NHi (iQ (827).5 is i

m ipounds 5, 5e. b6a. bc Fmp Lit mp C Q 42 81 4 3 -4 5,' 101- 'Satisfactory microanalyses obtained: C - ) 2. H -- ) I.1 N '-) 0
:11 '11;11 I Ist . 11ii -~ -I 17 2" 2'4.' respectively]J Spectra of pynimidines 5 and uractls 6 were taken in CDCI, and

a--: .irtual-. 'tentica, 11\M'.R 5 pectra with those of the Namples DN4SO-d5 . respectively, with TMS as internal reference. Varian EM1-
hained frin rier mur(,e-. 160 10) MHz) spectrometer

I. I)rc'rrecied Vanan MAT 1 12S spectrometer, at 7()eV
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,,iul~on I 5-hrorn-2.4-ismneth% IlIhiopsrimidinte 11. 2.4 , Hexaazatrtphenvlene (2. abbrex ated HAT) is a1 highly s\ m-
, mrnroi *n !thcr t mLU Pic mixtUre iallowed to react under the metrical heterocvcle first svnithesized bk Nasielski-Elinkens et al.

coi !%n , sn in TLinc The Imixure is then quenched %kith water that has been us'ed to prepare polvnuclear chromium carbon I]
niL_ iIi THE i wl-.. an,! irred i at21 C lor 1) 5 h. The ether laser is

teaa~ahe .AquCOUs rCStdueX is extracted with CH .ClI' C i) ntLi. complexes.' This ligand. while of potential utility, in the synthesis
.w tIe or,!anlc "'out.or, contairing 5 are combined.- Products 5c-,- 0 ot oher polyrnuclear complexes. has niot until recently become

.irL , ,,,ted I,% :Iih :hrornatoijaph\' on silica !tel elutiniz Ntth readilvy accessible. The original synthesis' is on the order of ten
?I -exane N i3. and recrsstallized !rom hex(anes. steps long. A shorter route was conceived by Kohne and

\1un.d , .- Bisirrnth ' lthioip~rimidine (2. 1S '4a IOmmoh is iraefcke as proceeding from a triple condensation of glvoxal
,:th.in.ranolithium reagent R-Li 10 mmoli under the with the known hexaam ino benzene I HAB). but this reaction
tis- 11 Tahie t The mixtruure is then quenched with water lead to HAT in only very low il(ratdhxlkldevtvs

* L '~~~1 i '1drabs iroILCJP1 t m L I it 0iC stirred at i0 C tor ilIreadheakydritis
in.'~oti'n'tDDQ 2. .I9mnl nTE could be obtained in good to excellent yield hoxeerV. %lost

r.L \i!r utrr ir! at ) C !or 2 h and then at 23 C tor I h. the recently. Rogers has reported that this reaction can be acco)m-
11uc kLh ether i 1J mLi and -xtractedi with lo'. NaOH plished in good yield by using a modification of this procedure.'
mLi Fhe irreanric phase is dried iNa.SO,, and concen- This Most recent paper prompts us to describe our own method
5:-- .J.i s ae soiated bk chrornatiraphiv as described tn for the synthesis of HAT at this time. While the method

V j::..c \ .,rctaii'ed from hexines i5a and 5c-g) or distilled described'using HAB _s starting material is a valuable ,ne. it
n .K, iparatus S b. xi) C Torn)

does suffer from the disadvantage that the immediate precursor
L racils na-g:(General Procedure: to HAB. namely 1,3.5-tniamino-2.4,6-trinitrobenzene. is a mili-

\uinot :'je appronniate hisimneth~fthioip~rtmidine 5a-g (3 mniol)
\ Hc~ L'heaed t 15 Ctor h i a resuresesel.The tar\, explosive and potentially, subject to detonation. Under

, n : inre in a rotar% esaporator. and the residue is some circumstances, this may be an unacceptable drawback.
7 *..... . .. o -\namiicai sarnpes are obtained b% dring at

. rrror i~- n 5 a-g are aio h sdrkfl.sed within hunder
- ...~.ct. -Fh, aiter procedure requires f Irequent remosal )I

.M. 45a-g from the retiux condenser ~C~
* . ': -1" "7ae , (pie Pe,weun Re.xearch Fund adrnini- -(,C NJ N N-'

A- :,.S ( ;wm, ai ... it, (.rani 16.59 Lind :,, he ~7
I ,'al (I~~53 "ur'p'l itis r'ewuriot ~ i,. ~ .

Receise2: 2'N Nias '3s
2

Br nD 7-;e Prmiines. WieN,-lnterscience. New York. We now report that HAT may be prepared via the hexadle-
carboxylation of HATICOOK), (1). a compound whose synthe-

L W- aisin. R J Orz C/tr 1986. SI. 3226. and sis we have reported via a three-step sequence.' Thermal
* >-'~ason R .Fauce.\I Nnth~io~ ~decarboxylations of heterocyclic a!-carboxviic acids have long

a'.1-~ M .\ Laceak, J . 6rieis 1974. 491 been reported as preparatively useful in, for example. the
'l.,.iaT i hia. B I J Phurm Soc Ja 1950. -0. 134 pyrazine series: the mono-. di-. tri-. and tetracarboxylic acid

L R ,:' :s Re iem 1975. 49. Iih9 I denvatives of 1.4-pyrazine all afford pyrazine itself under
1i~ Ti,'Ier. kI . Hribhar. A.Barlin. (S B., Brown. DiJ. appropniate conditions.' While avarietv ofconditions have been

I I 'i;em' 1981. 34. !14 employed for this general reaction (e.g.. heating in dibutyl
Br 's n13 wde, WB .Sirkowsi. . .u~o Chm 182. phthalate. glacial acetic acid, or other solvents) and examined by

' iKahn. M , Maii. -\ J Ori Chern 1978. 43. 29231 us. the dlecarboxylation of hexaacid I occurs best in diphen-xl
pp-e_ !I i pringer R H . Robins. R K . Cheng. C C. J OrV ether with added copper powder. Heating under these con-

-19W -6 ~2ditions at 230 C for 20 h in an inert atmosphere affords HAT in
4 ,).eld after filtration through an alumina plug. The resulting

solid sample is identical to HAT prepared as previously de-
senbed in every espect. and is of analytical purity.

rhis route, which is four steps from commercially available
precursors. does not invoi.e the intermediacy of potentially
explosive precursors and may be preferable to that reported
recently' in some situations.

Illexadecarboxklative ~ ~ ~ ~ .vttei fHxa rpeyee14.S,.9,12-Hexaazstripienylene (2):
flexdecrboslaise~vnhesi ofHexazaripenveneA mixture of hcxaazatnphen~lene hexacarhoxolrc acid' Ii tOg.

4.2 mmoh. copper powder (0.2 g). and freshly distilled diphenNI ether
'.1 ,~ .rn iS, / arnik' 25 mLU is stirred at 231) C lor 20 h under a dry nitrogen atmosphere

The reaction is then cooled and filtered, and the solid is washed with
2''CIIr . F ic Ohis. jidie I nisersiis ( ,Iumhus. OHf hexaine (3 ,50 mLi to remove adsorbed diphenvi ether The crude solid

:2. I ~simple is added to the top of a short column (it neutral alumina and
eluted with CHCI 3. The single band is collected and the solvent

ThermalI decarhoxslatton of" hexaazatnphenylene hexacar- evaporated to afford 2 as a light yellow solid: yield: 210 mg (4416 mp
to)7hi aci d (I) in d'iphenk I ether 210 C for 20 h) with added > 160 C (Lit.i mp , 350 0)

iipper powder afford, the parent heterocycle, hexaazatri- The product is identical to an authentic sample" in all respects
phnn.lene. in 44", .ield alter filtration thiough an alumina C, *HN, calc C 6I 53 H 2.SX N 35,48
P Iug l 234 2) found h1 20 2 ox Is 77
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j ':F'>' , :1 'r, th,- 4rmt Re search O)flit t, further react with another molecule of 3 to form a 2: 1 adduct. 2 '
* .'~ 4.~:;~wa two- to three-fold excess of indole I was usuaill\ used to

suppress adduct formation. The unreacted indole I %&as easily
separated from the oxime 5 and recovered by column chroma-

Rc:tsed A -pril tIJS. reuised 13 July 11)8' tography on silica gel. Reduction of 5 with 'zinc in acetic acid
followed by coiiversion to its hydrochloride salt gave the 2-
substituted tryptophan ester hydrochloride 6 in excellent yields.
Without further purification. 6 was converted to the V'-

i;Naii inkens. R .Benedek- amos. %1.. Maetens. D.. protected derivative 7.-2 Saponification followed by acidifica-
I J henmrtChemn 1981. 2-. 179. tion furnished the 2-substituted V'-Boc-trvpohn8 hc

* KOinc. B., Pracelkc. K Le 'ies 4nn. Cherni 1985. 522. pohn8 hc
3 R~er-. t)Z J ~ ('r~i198 /.304.was suitable for peptide synthesis by solid phase or solution

4'K.naroian. K . C.'arnik. -X %5 J. Vrq. Chm 1986. -i/ 5241. methods. Compounds 8b, d, e were oils. They were converted
N, Bar~r'. 6i B3 Jite P ' a::nte John Wkiley & Sons 1982. pp 253-258 to the solid dicyclohexylamine salts for charactenzation.

L[,.rc 41 :n the ceries. The Lrerpit.itr% i Heterocvc Sc Compounds6.
A~reer \.T~r E C- teds I

BrCH 2 , CO2C,H 5

HO'

2

iN a, C: ,,k

,CI-§ 1 '' 5'-

A. Facile and Versatile S'.nthesis of 2-Substituted Tryptophans 0
as \'-err-Butvlox'.carbonvI Derivatives la-e 3

P L. K-.neth \cskandcr.* Tohias 0 Ydelin

Kt.K ire BeutJrIn ( rporation. Department oi Peptide Chemistry. H 0CH CCN

iPicc \liKI RoanLc. Palo \ito. CA 94304, USA N NOH

Dle;,- -\;der ipe :%cioaddition between 2-substituted indoles and ethyl CiN R '0 N

7_-1itr0Soacr11*1ate loilossed by, reduction affords 2-substituted trypto-H
pihan esters S.-Protection followed by saponification furnishes the 4 a-e 5 a-e
.rrespondirg ','-protececd 2-substituted tryptophans suitable for pep-
i1de o nthcsis The preparation ol a number of' 2-substituted indoles by
mnj.,tned \Iade~uniz vsntbesis r, also desenbed CO2C2H5

i il' a mall number of' 2-substituted tryptophans or their overnigt NH2 -HC( BOC:EI N --3,-_
Jen'-ai. es ha,,e been reported in the literature. Interestingly, 2:HI~R

,his handful of compounds re-presents a considerable variety of H N 33! r,
5uhstituents jlksl (methyl. ' tert-hutyl5 ). arvi lphenyl5 ). carb- 6a-e
oxsK' h'.droxy .lj-1 r thiol.' thioetheri i' and halogen.i"
%ke -Aere interested in using a bulky substituent (alkyl or aryl) in
te 2-position of the indole nucleus to restnct the conformation C01C2H5  COZH

,)I the side chain of tryptophan in peptides. Among the 2-
,uhstituted trxptophans of interest to us. tne 2-terr-ilutvi and 2- NHBoc N SH60c

Pnenl analog's are known compounds. R N -R-

\'-henz. lox carbons -2-Iert-butyltryptophan benzyl ester was H H
obhtained in 2- 3 Q',Yields among other butylated products by 7a-e 8 a-e
direct alkylation of the V-protected tryptophan ester)5 The 00c t_
s'.nrhesis of racemic 2-phenyltryptophan was achieved by Kiss- -9c

man and Witkop' by four vanations of the "gramine" synthesis.
In our hands, however, none of the above approaches gave 1,4-8 R 1, 4-8 R
,,atisfactory results as a practical preparative procedure. We wish CH -,,
to report in t *hi s paper a general and facile method for the b CHCH, e 2-pyridyl
preparation of 2-substituted tryptophans as their *V-protected c-,
den'.atises. uitahle fior peptide synthesis.

VAc base adopted the elegant cycloaddition reaction of Gilchrist
et al * to construct the skeletons of the desired 2-dlkyl- or 2- Of the starting 2-substituted indoles. Is is commercially avail-
airyl-tryptophans.2 0 Thus, Diels-Alder type cycloaddition be- able, and 1e'"-' was prepared by the Fischer indole synthesis
tween 2-,uhstituted indole I and the transient nitrosoalkene 3, according to a reported procedure."3 In our hands Fischer
which was generated in of u from ethyl 3-bromo-2- synthesis of Id2  using zinc chloride or polyphosphonc acid
h-vd-roxvimninopropanoate (2), afforded the oxime 5 after ring afforded an impure product which was difficult to purity. The
(ipening and bond rearrangement of the adduct 4. Since 5 may method we chose for the preparation of Id was a modified
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\1sdelurnc, indole snthesis. - Pure Id s as obtained from This ,,,nthetic sequence involved the initial formation of the

readik asaiiable timeths,lacetrl chloride and )-toluidine in a phosphonium chlonde 10 from o-nitrobeniz"l chloride (9) and
,hort time in pr~icticall\ quantitatine %ied. as reported.' " tniphenylphosphine. Compound 10 was best reduced wAith zinc in

C.ortrounds 1b3- I0od IC 13- has been synthesized by %anous acetic acid to the aniline hydrochloride 11. Reduction usinv
Hok~e tal fhcse methods weeete nnpcfc stannous chloride hydrochloric acid resulted in laborious Aork-

edious. or required unusual reaction conditions. Using th up and impure product, and reduction with Raney nickel and
- -'s - anhvdrous hvdrazine in methanol led to o-toluidine exclusi~el\,

modified Ntadeluna snithesis'h~ as mentioned above, ic was
Acvlation of It with appropriate acyl chlorides in the usual

obtained in ns \icd and the unreacted N-cyclohexvlcaronvl- mneraoddthreuedpcros12Tetetof1
-toluidine couldt be recovered. Excess n-butvlithium or pro- manrfodethrquedpcrss12Tetetof2

o0ncd reaction time did not dri~e the reaction .to completion. In wihpotassium tert-butoxide led to the 2-substauted indoles I in

.,n .ittempt to piepare lb h,. this modified Madelung method, esof1 (c)t650(b.

lo~ke~er. .%-phen~lacetxl-,3 -toluidine remained unchanged
under- a.rious conditions and was recovered quantitatively. This
,irFiculi% "das o ercome b - utihiiz the method of Le Corre et In conclusion, the overall processes as described abo,,e provide

fr a facile and %ersatile procedure for the synthesis of a %ariet%

I ndee-d. h\ adopting, Le Corre's method, compounds Ilb and le of '-,,ubstituted tr~ptophan derivati~es.

%kere uccessf .ulI\ prepared.

rable. Irdoies 5 and -Subsiiiuied. Trsptophans 7 and 8 Prepared

Pr 'v. :cld rnp I Ci Molecular TLC :HN1MR iTN1Si'
soisenil Formula' (R 1) -. JiHzi

;a1 143 Cj.jN'03  0. 0 (CDCIi 1 i)5 it, 3KH.]J = 7i; 4.0)4 i q. 2KH. J = 7i; 4.2 is 2Hi: .9-- 81 im.
t322.4i 9 H i. S 09 ibr s. I1H); 10ii is. I H)

56b !tf 16 C.,H.,,,\.0 0.58 iCDCI,) 1 22 ii. 3 H. J = ). 4 1 is. 2H): 4 16 (q. 2H.] J -i. 422 is. 2Hi.
1104) t) )_79i(M, Hi 7.21 is. 5Hi; 9 67 is. I Hi

;C~~5 C!,,-'O CDC13i L.25 ut,.3H. J 7).h 1,1-2.1 im. 10). 2.S-3.4 in. I Hi. 4 115 is.
32'8S41 2Ki H) t1 i-q. 2K. =- J 6.9-7.4 im. 31-), 7.6-8.1 in. 2KH). 1014 is. t Hi

5d ,%rupi Cj.HNzO3 0)70 (CDC13) 1.07 it. 3H. J = ); 1.5 is. 9H): 4,0)5 (q, 2H. J = 7. -'Hl. 4.2- is.
302.4) 2 H). 6.9-7.7 in. 4Ki:. 8.0 Ibr s. 1 Hi; 10. 1 ibr s, I Hi

5e 1' 24 dec C 5 K.,N30 3  13.64 iCMF-d-)i0 95 (t, 3KH.]J 7); 3.98 (q, 2K.] J- 7): 4.48 is. 2H-); 6.8-8.1 im.
C:HCIi) 323 4i 8KH): 8. 73 ibr d. 1H.]J = 5); 11 .5 is. I1K)

a inconcrxsti CH 11.O79 (CDC1i, 1 .0 it. 3KH. J = 7): 1.3 is. 9KH): 3.4 f d. 2K HJ 6);' 3.7 iq. 2KH. J
~oii I)9 = 7): 4.54 u(m, I1K): 4.9 ibhr d. 1K): 6.9 -79 1 m. 9KH): 18.3 5 hbr i. IH)

:01 1 oncrsitai. C, g HN.0 4  11.74 iC DCI 3i 1.08 It. 3KHJ] 7); 1. 39 Is. 9KH): 3.2 3 (d. 2K. HJ 5. 5. 2KH); 4. 0 iq.
,ilidi (422. 51 7. 2H); 4.0 is. 2KH): 4.67 (m. I1K); 5.12 ibr d. 1KH): 6.86-7.63 im. 4KH);

7.18 Is. 5KH); 8.1 Ibr s. I H)

s3 .noncr~stai C,KH3 ,NO, 1.72 iCDCI 13) 1.1 It. 3K.,] = 7); 1.4 Is. 9KH); 1. 1-2.1 in. 10KH)' 2.5 3 .1) im. I1K):
"flid) (414,5) 3.23 Id. 2K.,] = 5); 4.08 iq, 2KH.]J = 7): 4.4-4.8 (m. 1KH); 4.9-5-3 inm. I H).

6.8-7.7 (in. 4KH); 8.62 (br s. 1KH)

'd . isrupi C' 2 KH 2 N0 4  0.76 ICDCI 3) 1.0 It. 3K.]J 7); 1.3 is. 9 KI; 1.5 i s. 9KH): 3.3 Id. 2KH.]J=7 4)
1398851 (q. 1K HJ1 7); 4.58 Im. I1K); 5.13 (hr d. I1H); 6.9-7 6 ImnH. S .82 (bhr i.

1KH)

00i 196 dec. C 3 K.- N 0 4  0.75 (D MF-d-I 1.1)5 it. 3K.] = 7); 1. 3 Is. 9KH)' 3.5 Id. 2KH)' 4.l I q. 2KH. J I

iC HC 1 -EtO Aci 1409. 5) 4.1 -4.5 5 im. I H); 7.0 -8.2 (in. 9KH): 8. 7 (br d. I1K. J = 5i

8IA 1-t 9'-198 C.,K14 ,NO, 0)36 iDMF-d-) 1.3 is,.9H); 3.4 Id. 2K.] = 6); 4.55 Im. 1KH): 5.3 hbr d. I1K); 6.9-
EtOAci i3804i 7 9 I m. 10KH); 10.5 Is. 1KH)

8b'618 C3 lKi40 N 3 0 4  0.49 -

E1,Oi (575 8)

8Ic s2 21-' -213 C2 2H10N20 4  1.55 )DMF-d.) 1.35 Is, 9K); 1.2-2.2 (m. 10H): 2.9 (m, 1KH). 3.27 (d. 2K); 44
fEtOAci (386 51 (m. 1KH). 6.59 )d, 1K H,] = 1. 5); 6.9-7 75 Im. 5SKI

9~d' ZIi 211-12 C 12' NO 11. 026
Et,()i 1541 8)

1 IN - _100 UC fN0 ) -i,1)

Fi 2O 1562.8)

Yields )17 hased )n oiiie 5Obtained in a Varian PA 360A spectrometer
3did~ymicr)iinalvses oniained C -14N. H. N 0 1.3% Isolated and characterized as dicvclohexvlamine salt.

*\naltech Iniplate silica ge) GjF-250 micro scored plates in
(-WIf eO)I AcOK (9 4 1 6v voluie). Spots were visualized

'inder fV light f254 nmi and hy Erhlich and ninhydrin sprays
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Nitrosations in Anhydrous Trifluoroacetic Acid Media: A
Modifcation for Insoluble or Deactivated Amine and Amide
Precursors

K. Kanakarajan. ° Karl Haider, Anthony W. Czarnik

Department of Chemistry. The Ohio State University. Columbus. Ohio
43210. USA

Nitrosation reactions can be accomplished cleanly in anhydrous tri-
fluoroacetic acid as solvcnt. w~uch permits the use of both deactivated
and insolublc amins and amidcs as starting materials.

The nitrosation of amines with sodium nitrite to afford the
corresponding diuzonium salts is one of the most versatile
reactions in organic chemistry. Over the past several years, we
have found that some amines are not amenable to nitrosation
using the conditions found most commonly in the literature,
e.g.. sodium nitrite in aqueous mineral acids. Problems of this
type are seen when the starting amine is either deactivated by
strongly electron-withdrawing groups at adjacent or conju-
gated positions. or when the starting amine is extraordinarily
insoluble. Especially vigorous nitrosation conditions have been
used previously with deactivated amine starting materials; such
variations include the use of concentrated sulfuric acid, mix-
tures of sulfuric and acetic or phosphoric acids, concentrated
nitric acid, and the use of organic cosolvents.' We now report
that nitrosation reactions can be accomplished cleanly in an-
hydrous trifluoroacetic acid (TFA) solvent, and that this reac-
tion medium allows the use of both deactivated and insoluble
amines and amides as starting materials.

Two examples ofdifficult nitrosations that have been carried out
successfully in TFA have been reported previously by one of us
(K K) in the context of other projects. For example, nitrosation
of the weakly basic 7-aminobenzo(a]pyrene (1) in aqueous acid
followed by treatment with tetrafluoroboric acid and thermoly-
sis is not successful in the synthesis of 7-fluorobenzo(a]pyrene
(2). An anhydrous modification using dry gaseous nitric oxide
was similarly unsuccessful.Z However, dissolution of'amine I in
anhydrous TFA/tetrahydrofuran occurred readily, and nitro-
sation proceeded smoothly; subsequent decomposition of the
tetrafluoroborate salt afforded the desired fluoride (Scheme A). 3

In addition, we have reported that hydrolysis of hexaamide 3 to
the corresponding hexaacid 4 is incomplete under strongly acidic
or basic conditions; a classic nitrosation-mediated hydrolysis
likewise afforded a mixture of partially hydrolyzed polyacids.
Dissolution of hexaamide 3 in TFA is complete, and addition of
sodium nitrite followed by water gave the desired heLaacid 4 in
excellent yield' (Schema A).
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N yA CONH2 N' CO1H

CONH 2  CO2H

3 4
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We have carried out several other difficult diazotization reac-
tions in TFA to demonstrate the generality of this modific-
ation. Ethyl 4-amino-2,3.5.6-terafiuorocinflamate (7) is pre-
pared by diisobutylaluminumn hydride (DIBAL-H) reduction of
4-amino.2.3.S.6.tctrufluorobenzoflitrile (5) to the correspon-
ding aldehyde 6 followed by a Wittig reaction with
(elhoxycarbonylmethylene)triphelylphosphorane. Diazoti-
zation of ethyl 4-amino-2.3.S.6-tetrafluorocinnamate (7). which
is insoluble in aqueous acid. is affected in anhydrous TFA to
uff'ord the product azide 8 in 87%! yield after treatment with
sodium azide (SchcentB). Likewise. 2.6-difluoroanilinc' (9) is
converted to 2.6-difluorophenyl azidc (10: 54 %/) and 3.6-diami.
noacridi ne' (11) is converted to 3.6-diazidoacridint (12; 84 %)
(Scheme r).

CN j8LHbzn# CHO P,=HOE
F F Ia.Nbflh 30 Mhp.0cl

F 91 F F 9.1

NHZ NH2

5 6

CO2Et CO2Et

1. NaN 1 3/NN~

S? I. F F

NH 2  
N

78

Schemc B

For the purposes of comparison, we have carried out the
diazotization of pentafluoroa ni line (13) under both aqueous
and TFA conditions. Attempted diazotization in SN hydro-
chloric acid with sodium nitrite. followed by reaction in the
cold with sodium azide and extraction with ether afforded only
the starting material and several unidentified components that
were not the aryl azide 14 as determined by GC comparison
with an authentic sample. While the failure of pentafluoroanil.
inc in this reaction has not been explicitly reported previously.
the literature route involves conversion of hexafluorobenzene
to Pentafluorophenylhydrazine followed by conversion to the
azide.' By comparison. the reaction of pentafluoroaniline with
sodium nitrite in TFA. followed by treatment with sodium
azide. gave pentafluorophenyl azide (14) directly as a yellow oil
in 680/. yield, identical with an authentic sample (Scheme CQ.
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A ~The S indmeyer reaction may likewise be carried out using
TFA as solvent. The conversion of 3.5-dinitroa ntline (I5) to I-
chloro-.3.5-dinitrobenzene (16) is accomplished in $0%! yield.
wvhich is a modest improvement over a previously reported
diazotization method using nitrosyl sulfuric acid' (Scheme C).

In summary. dii otization of aryl amiases in anhydrous TFA
offers a useful vairiation on this well-known reactioni for insol-
uble or deactivated starting materials. While TFA itself is a
relatively expensive solvent. its use provides an alternative in
cases for which direct reoction of the amine is desirable.

Nielting points were itien n~ r ~ E~~ie m elting Poin: apa:
IL., aflU are uncorrected- Microanalyses were carried out at Canadian
Microanahieal Service. New Westminster. B.C. Mass spectra were
obtained by usc of it Kratos-30 mass spectrometer. FT-NMR spectra at
11 75 1esia (500) MHz) or 7.0 lesla (300 MHz) were obtained using
equipment funded in part by NilI Grant #I S10 RRO1458-01IAt. We
thank Mr. Richard Weisenberger and Dr. C. E. Cottrell for their
assistance in obtained mass and high-field 'H-NMR spectra. respec-
tively, at Thc Ohio State University Chemical Instrumentation Center,
and Mr. Carl Engelman for other NMR assistance. All starting
materials were commercial products.

Eths I (E)-4-Amino-2.3.5.6-tetrafiuorocjnnamate (7):
4-Amino-2.3.5.6-tirafluorobenzonitrile (5; 3.8 g. 20 mmol) is dissolved
in dry benzene (250 mL). To this solution, a 1.5 M toluene solution of
DI BA L-H (40 ml. 60Ommol) is added dropwise over 30min. The resul-
ting mixture is stirred for 10 h, and then decomposed by adding
methanol (20 ml. The organic solution is washed with water, dried
(MgSO.l. and the solvent is removed it, racui to give 6 as a colorless
solid: yield: 3.72 g (97%): mp 110-111 C. (IR (CCI,): v-1720. 3430.
3530cm - ' MS: n::: (%) - 193 (98%,. M*). 192 (100%/. [M -I])

The crude aldehyde 6. (1.92 g. to mmol) and (ethoxycarb-
onylmethylene~trtphenylpbosphorane (3.84 g. I I mmol) are mixed in dry
benzene (1t00 mL) and refluxed for 10 h. The solvent is removed in vacuo
and the residue is chromatographed using a silica gel column and eluting
with CH.C12 Ethyl I E)-4-amino-2.3.5.6-tctrafiuorocinnamate (7) clotes
in the first fractions: evaporation gives a colorless solid, yield: 2.25 g
(93 %): mp 126 -127 C.
C, 1 HgF.NO, cale. C 50.20 H 3.45 N 5.32
(263 2) found 50.12 3.39 5.46
JR (CCI,) v 1670. 1730. 3440. 3530cm -.
'H-NMR (CDCI,): A .L31 (1.- 3. CM,. J - 7.1 Hz)-. 4.25 (q. 2. CHI.
J -7.1 Hz): 4.38(brs. 1.8. NH2 ). 6.55 Id. I.CH.J - 16.4 Hz). 7.69(d. 1,
CH. J - 16.4 Hz).
"C-NMR (CDCi,l: 6 - 14.2 (s). 60.6 (s). 101.9 (t). 121.8 (t). 128.0 (tt).

129.9 (si. 134.3 (mi. 138.1 (is. 143.8 (m). 147.9 Inm). 166.9 (s)
"F-NMR (CDCI,): 6 - - 167.19 (in). - 146.962 (in).
MS: mi/: (%) - 264 (30 %. CM + I]I ); 263 (65 %. M)
Ethyl (E>-4-Azido2J.6-ttrafluoroinnsmate (8):
Ethy.l 4-a mino-2.3.5.6-tet ratluorocinna mate (7. 263 mg. I minol) is dis-
solved in TFA (4 mL). The resulting orange solution is cooled in an ice
bath and solid NaNO2 (276 mg. 4 minol) is added in portions over a
period of 5 min with stirring. To the resulting green solution, solid
NaNOI (19 5 ig. 3 inmoli is added over a 5 min period. The mixture is
stirred for 10 men. then poured onto 20 g of ice. The mixture is extracted
with CH ?C12 (3 x 30 mL). the organic phase is washed with water
(3 x 25 mLU and aq. NaHCOI solution (20 mL). The organic layer is
dried lMgSO4). concentrated under vacuum, and passed through a
short column of neutral alumina. Evaporation of the solvent gives 8 as a
colorless solid: yield: 251 mg (87%*/); mp 67-68 C.
C, H,F.N202 calc. C 45.69 H 2.44 N 14.53
(2(KY 2) found 45.89 2.42 14.58
IR (Kart: = MwX 2100. t700cmi- .
'H-NMR (CDCIj 6 I 4 (t, 3. CHI. J - 7.1 Hz): 4 3 (q. 2. CHI,

J - 7 1 117). 6,7 (d, 1. CH. J - 16.4 Hz). 7.6 (d. 1. CH. J .16.4 Hz).
'C-NMR tCI)CI~l: i.~ 14.1 Is). 61.0 (s). 110.0 (0. 121.0 (t). 125.8 (t).

12X 4 (s). 13(1.6 ( nil1. 142 5 (m). 143. 5 (m). 147.4 (m). 166 0 (s).
'-F.NMR IC'DC1t. .o 156.55 (mn). 1 44.593 (ml.
MS ten: -= (*



I 'b-toliuur~tilttl Azide (10):
2.,6-Dilluoroanilinc (9l; 2.0g. 25 mmol) is dissolved in TFA (20 mL) and
cooled in an ice bath. Solid NANO, (1.07g. 15 mmolj is added inl
portions with stirring ovcr 5 min. NaN3 (1.01 g. 15 mmol) is added to
the diazoli7cd solution and the resulting mixture is stirred for an
additional 30min. Water (15 mL) is added, and the product is extracted
into ether (3 x 20 mL). washed with 10 %aq. NaOH solution, water.
And dried (MgSO4). The solvent is removed under vacuum, the residue
is redissolvcd in hexane and is passed through a short column of neutral
alumina using hex~mne as cluent to afftord the azide 10 ats pale yellow
crystals: yicld: 1.3 g(54 %). bp 45'C/3 mbar [Lit.' bp not reported).

1H.NMR (CDCI,): 6 - 6.9-7.1 (in. ArH).

MS: "I/: - 255 (M *).

3.6-Diazidomeridine (12).
3.6-Diaminoacridine hydrochloride(01: 500 mg. 2.4 minol) is dissolved
in TFA (IS mLl and stirred at 0-S'C for 10min. Solid NaNO,
(6M0mg. 8.7 mmol) is Added in portions over a period of 5 min. then the
solution is stirred for additional S min and NaN, (2.6 g. 25 minol) is
added with efficient stirring to avoid foaming. After 15 mi. water
(20 mL) is added to precipitate the product, which is filtered, washed
with water (3 x I5 mL), and dried in vacune to give of 12 as an orange
solid: yield: 530mg (84%/). The product is recrystallized from
EtOAeihexane to give orange crystals. mp 167-168'C (dee) [Lit.$
168- 169 C (dec)].

'H-NMR (CD3OD):6 -7.48(dd.2.J- 20.2 Hz); 7.65 (d.2.J-=2 Hz);
8.32 (d. 2. J - 10 Hz): 9.45 (s. 2. central ring CH-).
M S: Pool: - 262 (M *).

Pent afluoro phenyl Azide (14):
Penitafluoroaniline (23; 2.4 g. 7.7 mmol) is dissolved in TFA (20 mL)
and cooled to -210 C. Solid NaNO, (1.05 g. 15 miol) is added in
portions over a 20min period with stirring. NaN3 (1.05 g, 16mmol) is
added over 5 min and the solution is stirred for I h. The mixture is
diluted with distilled water (30 mLU and the product is extracted with
ether (3 x 20 mL). The combined extract is washed with sat. NaHCO3
solution and dried (MgSO,). Solvent removal under vacuum followed
by Kugelrohr distillation (4 mnbar. bath temperature of ca, 30'C) af-
fords 24 as A pale yellow oil (1.1 S. 68%). This sample is indistin-
guishable from an authentic sample of pentafluorophenyl azides as
determined by GC comparison and by "C-NMR spectrometry.

''C-NMR (CDCI,): 6 - 236.2. 236.3. 139.2. 240.2. 243.2.
MS: no/: - 209 (M *).

l-Chlor-3-dlinitrobertzeie (26):
3.5-Dintirouniline (15. 550 mg. 3 mmol) is dissolved in TFA (10 mU)
and cooled to 10 C. Solid NANO, (424mg. 6inmol) is added in
portions with stirring. Within a few minutes a clear, light green solution
of the diaoniurn salt is obtained. The diazonium salt solution is added
dropwise to an ice-cold solution of CuCI (1.0g, I2t mmol) in conc. HCI
110 mL) over 20 min with efficient stirring. A yellow precipitate formed
redissolved upon the addition of water (200 mL). The clear solution is
heated on a steam bath (or 15 min. cooled, and extracted with EtOAc
(3 2 00 mU ). The organic phase is washed with water (3 x 50 mU). dried

(MgSO,). and the solvent is removed to give an oil. Chromatography
on neutral alumina using CHC13 as the eluant followed by reciystalli.
zation from hexiane gives t6 as colorless needles; yield: 485 mng. (80%'1);
mp 54 -54.5 C (Lit.' mp 54- 54.5'C).

'H-NMR (CDCI,): 6 - .55-8.95 (in. ArH).
''C-NMR (CDC[,): 6 217.2. 229.2. 237.0. 148.9.
MS: nit: (%/) - 2062 (200. M f or "Cl isotope); 204 (70, M * for 3'CI

Isotope).
Funding frnni the Armyi Research Oflice 4~ acknowledged worh gratitude.
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tuppovrt duiring rarious stages of this work.
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